We consider the electric conductivity in normal metals in presence of a strong magnetic field. It is assumed here that the Fermi surface of a metal has rather complicated form such that different types of quasiclassical electron trajectories can appear on the Fermi level for different directions of B. The effects we consider are connected with the existence of regular (stable) open electron trajectories which arise in general on complicated Fermi surfaces. The trajectories of this type have a nice geometric description and represent quasiperiodic lines with a fixed mean direction in the p-space. Being stable geometric objects, the trajectories of this kind exist for some open regions in the space of directions of B, which can be represented by "Stability Zones" on the unit sphere S 2 . The main goal of the paper is to give a description of the analytical behavior of conductivity in the Stability Zones, which demonstrates in general rather nontrivial properties.
I. INTRODUCTION.
Our considerations here will be connected with the geometry of the quasiclassical electron trajectories on the Fermi surface in the presence of a strong magnetic field. The main goal of the paper is to give a detailed consideration of the contribution of the stable open trajectories to the conductivity tensor in the limit ω B τ → ∞. As we will see below, in spite of rather regular geometric properties of the stable (generic) open trajectories, their contribution to magneto-conductivity is quite non-trivial from analytical point of view, which is caused by nontrivial statistical properties of the trajectories of this kind. Here we will try to represent a general picture of the magneto-conductivity behavior in the case of presence of such trajectories on the Fermi surface, including the description of the dependence of conductivity on both the magnitude and the direction of B. As we will see, both the structure of a "Stability Zone" on the angle diagram and the conductivity behavior in strong magnetic fields will demonstrate actually rather non-trivial properties.
We will base our considerations on the topological picture for the electron dynamics in the space of the quasimomenta, arising for general dispersion relation ǫ(p) under the presence of a magnetic field. So, according to standard approach we will assume that the electron states in the conduction band are parametrized by the values of the quasimomenta p which in fact should be considered as points of the three-dimensional space, factorized over the vectors of the reciprocal lattice:
{n 1 a 1 + n 2 a 2 + n 3 a 3 } , n 1 , n 2 , n 3 ∈ Z
The basis vectors of the reciprocal lattice are connected with the basis vectors (l 1 , l 2 , l 3 ) of the direct lattice by the formulae
,
The canonical representation of the surfaces of genus 0, 1, 2 (etc ...).
and define the fundamental (Brillouen) zone in the p -space.
The opposite faces of the parallelepiped formed by (a 1 , a 2 , a 3 ) should be identified with each other, so the space of the electron states (for a given conduction band) represents in fact the three-dimensional torus T 3 .
[38] The dispersion relation ǫ(p) can be considered either as a 3-periodic function in the p -space or just as a smooth function on the compact manifold T 3 , given by the factorization of the p -space over the reciprocal lattice L. In the same way, the constant energy levels ǫ(p) = const can be considered either as 3-periodic two-dimensional surfaces in the p -space or as smooth compact surfaces S ǫ ⊂ T 3 embedded in the threedimensional torus T 3 . Being considered in the last way, every nonsingular energy level represents a smooth compact orientable surface, which is topologically equivalent to one of the canonical surfaces defined by genus g (Fig.  1) .
The genus g of the Fermi surface represents an important topological characteristic of the electron spectrum in metal. Another important topological characteristic of the electron spectrum is the way of embedding of the Fermi surface in T 3 . As an example, Fig. 2 represents an embedding of a genus 3 surface in the first Brillouen zone having "maximal rank".
The quasiclassical evolution of the electron states in the presence of external homogeneous magnetic field B can be described by the adiabatic equation (see e.g. [16, in the space of the quasimomenta. The equation (I.1) is analytically integrable in p -space and the quasiclassical trajectories are given by the intersections of the constant energy surfaces ǫ(p) = const with the planes orthogonal to B. However, despite this analytical property of system (I.1), the global geometry of the quasiclassical trajectories in p -space can be rather complicated. The reason for this circumstance is that the total p -space is not compact while in T 3 the function ǫ(p) represents the only onevalued integral of motion of (I.1). In general, we can expect rather complicated picture of intersection of the 3-periodic surface ǫ(p) = const with the planes orthogonal to general (totally irrational) direction of B (see e.g. Fig. 3 ).
As it is usual for the case of normal metals, we will assume here that all the electron states with energies below the Fermi energy ǫ F are occupied by electrons, while all the electron states with energies above the Fermi energy are empty. The Fermi surface S F : ǫ(p) = ǫ F represents a two-dimensional surface in T 3 separating occupied electron states from the empty ones. We have naturally ǫ min < ǫ F < ǫ max where ǫ min and ǫ max are the minimal and maximal possible electron energies in the conductivity zone.
System (I.1) conserves the energy of a particle and also the phase volume element d 3 p. As a consequence, the evolution according to system (I.1) does not change the Fermi distribution of the quasiparticles or more general temperature dependent equilibrium distributions n (p) = 1 e (ǫ(p)−µ)/T + 1
However, it appears that the form of the trajectories of (I.1) plays an important role for the response of the electron system to the small electric fields E, which defines the magneto-conductivity properties of normal metals. Due to the high degeneracy of the electron gas in metals, all the properties of such transport phenomena are defined in fact by the properties of system (I.1) just on the one energy level ǫ = ǫ F , i.e. just on the one (Fermi) energy surface ǫ(p) = ǫ F .
The role of the global geometry of the quasiclassical electron trajectories in the transport phenomena in strong magnetic fields was first revealed by the school of I.M. Lifshitz (I.M. Lifshitz, M.Ya. Azbel, M.I. Kaganov, V.G. Peschansky) in 1950's (see [17] [18] [19] [20] [21] 23] ). Thus, in paper [17] a crucial difference in contribution to magnetoconductivity of closed (Fig. 4, a) and open periodic (Fig.  4 , b) quasiclassical trajectories in the limit B → ∞ was pointed out.
As was shown in [17] , the contribution to the magnetoconductivity of the trajectories of the first kind is almost isotropic in the plane orthogonal to B and has a rapidly decreasing character in this plane as B → ∞. In contrast, the presence of the open periodic trajectories gives an additional contribution to the conductivity in the plane orthogonal to B, which is strongly anisotropic in the limit B → ∞. The asymptotic form of the conductivity tensor in the plane orthogonal to B in the described cases can be represented as
, ω B τ → ∞ (closed trajectories),
(ω B τ )
3) (open periodic trajectories), after an appropriate choice of coordinates. (Here and below the notation * means just a constant of the order of unity).
The formulae (I.2) -(I.3) represent the asymptotic form of the conductivity tensor, so all the equalities give actually just the order of the absolute value of the corresponding quantities.
The value m * represents here just some (approximate) effective mass of electron in crystal and τ denotes the mean free electron time defined by the intensity of the scattering processes.
The value ω B ≃ eB m * c can be considered as an "approximate value" of the cyclotron frequency in the crystal. From geometrical point of view ω B represents approximately the inverse time of motion along a closed trajectory (Fig. 4, a) or the inverse time of motion through one Brillouen zone for periodic open trajectories (Fig. 4, b) . It becomes clear from this point of view that the global geometry of the quasiclassical trajectories reveals exactly in the limit ω B τ → ∞ when the mean free electron time exceeds the time of motion inside one Brillouen zone. Let us say here that for experimental observation of the "geometric strong magnetic field limit" rather pure materials under rather low temperatures (T ∼ 1K) and rather strong magnetic fields (B ∼ 10 4 Gs) should be usually used. In formula (I.3) the x -axis is chosen along the mean direction of the periodic trajectories in p -space. As can be easily derived from system (I.1), the projection of the corresponding trajectory in coordinate space onto the plane orthogonal to B is given just by the rotation of the trajectory in p -space by 90
• (Fig. 5) . We can see then that even very strong magnetic field does not block the electron motion along the y -axis in the coordinate space in the presence of the trajectories shown at Fig. 4 , b. As a result, the y -component of conductivity in the plane orthogonal to B remains finite in the limit ω B τ → ∞. The strong anisotropy of the conductivity tensor in this situation gives an experimental possibility to observe this phenomenon as well as to determine the mean direction of the open trajectories in p -space.
The conductivity along the direction of B remains finite in the limit ω B τ → ∞ in both the cases described above. The asymptotic forms of the full conductivity tensor in x -space can be represented as:
(closed trajectories),
(open periodic trajectories).
Let us note here that both the trajectories shown at Fig. 4 are actually closed in the torus T 3 . However, their embeddings in T 3 are completely different from topological point of view. Thus, the embedding of the trajectory shown at Fig. 4 , a is "homologous" to zero, while the embedding of the trajectory shown at Fig. 4 , b represents a nonzero homology class in T 3 . Certainly, the difference between the trajectories shown at Fig. 4 , a and Fig. 4 , b is more evident in the covering p -space where they have different global geometry.
Let us say here also, that both the situations shown at Fig. 4 a,b represent the special case when the conductivity tensor can be represented as a regular series in powers of (ω B τ ) −1 in the limit ω B τ → ∞. Thus, we can actually write here
(open periodic trajectories), where the even powers of ω B τ correspond to the symmetric part of σ kl (B) , while the odd powers of ω B τ represent the anti-symmetric part in accordance with the Onsager relations.
As we will see below, this situation does not take place for general open electron trajectories on the Fermi surface.
In papers [18, 19] different examples of complicated Fermi surfaces and more general types of open electron trajectories in strong magnetic fields were considered. The trajectories considered in [18, 19] are in general not periodic and are non-closed both in T 3 and the p -space and represent the first examples of the stable open electron trajectories on a complicated Fermi surface. The form of the trajectories found in [18, 19] demonstrates also strongly anisotropic properties, so the strong anisotropy of the conductivity tensor in the limit ω B τ → ∞ is also expected in this case. As was pointed out in [15] , the analytical behavior of conductivity in these examples can in fact be different from (I.5) and demonstrate a slower approach to its limiting form in the interval of not extremely strong magnetic fields. Here we will try to study this question in general case using the topological description of the stable open trajectories on the Fermi surface.
In the survey articles [20] [21] [22] and also in the book [23] a remarkable review of both the theoretical and experimental investigations of this branch of electron theory of metals made at that time can be found. Let us give here also a reference on a survey article [15] where the same topics were revisited after forty years and which contains also the aspects appeared in the later period.
The general problem of classification of all possible types of trajectories of dynamical system (I.1) with arbitrary (periodic) dispersion law ǫ(p) was set by S.P. Novikov ([27] ) and was intensively investigated in his topological school (S.P. Novikov, A.V. Zorich, S.P. Tsarev, I.A. Dynnikov). The topological investigation of system (I.1) has led to rather detailed understanding of the geometry of the trajectories of different types and gave finally the full classification of all possible types of trajectories of (I.1). One of the most important parts of the mathematical theory of the trajectories of (I.1), which will be also of great importance in the present paper, is connected with the detailed description of the stable open trajectories of system (I.1). Let us say here that the most important breakthroughs in this problem were made in papers [8, 36] where rather deep topological theorems about non-closed trajectories of system (I.1) were proved.
Using the topological description of the stable open trajectories of system (I.1) it was possible to introduce important topological characteristics of the stable nontrivial regimes of the magneto-conductivity behavior in the limit ω B τ → ∞ , which were introduced in paper [28] . In general, the characteristics introduced in [28] can be described in the following way:
Let us exclude now the "trivial" cases when we have just closed electron trajectories on the Fermi surface in p -space and consider the situation when open trajectories (in p -space) are present on the Fermi level. Besides that, let us require that the open trajectories are stable with respect to small rotations of B such that we have a "Stability Zone" in the space of directions of B, where similar open trajectories exist on the Fermi level.
As can be extracted from the topological description of the stable open trajectories of system (I.1), the trajectories of this type demonstrate the following remarkable properties: 1) Every stable open (in p -space) trajectory of (I.1) lies in a straight strip of a finite width in the plane orthogonal to B, passing through it from −∞ to +∞ (Fig. 6) ;
2) The mean direction of all open stable trajectories in p -space is given by the intersection of the plane orthogonal to B and some integral (generated by two reciprocal lattice vectors) plane Γ, which is the same for a given "Stability Zone" in the space of directions of B.
Let us note here that the statement (1) was first formulated by S.P. Novikov in the form of a conjecture, which was proved later for the stable open trajectories of (I.1) ( [8, 36] ).
As was pointed out in [28] , the integral planes Γ α represent experimentally observable objects view the remarkable geometric properties of the open stable trajectories, described above. Thus, measuring the conductivity in the limit ω B τ → ∞, we can observe strongly anisotropic behavior of conductivity in the planes orthogonal to B for all B/B ∈ Ω α and extract the integral plane Γ α , which is swept by the directions of the highest decreasing of conductivity in the x -space.
More precisely, let us introduce the values
Then, we can chose a basis in x -space e 1 (B) , e 2 (B) , e 3 = B/B , smoothly depending on B in Ω α , where the values σ kl ∞ will have the form
As was said above, the direction of the vector e 1 (B) is given by the intersection of the plane orthogonal to B with an integral plane, i.e. the plane generated by two reciprocal lattice vectors q 1 , q 2 , which is the same for the Zone Ω α .
The integral plane Γ α can be represented by an indivisible triple of integer numbers (M
where (l 1 , l 2 , l 3 ) are the basis direct lattice vectors. The numbers (M The complete Zone Ω α can be called here the mathematical Stability Zone, corresponding to a given Fermi energy. We have to say here, however, that in experimental study of magneto-conductivity it is natural to introduce extended "experimentally observable Stability Zone"Ω α (Ω α ⊂Ω α ) due to specific behavior of trajectories of system (I.1) near the boundary of Ω α . Everywhere inΩ α the behavior of conductivity is experimentally indistinguishable from that in Ω α even under good formal implementation of the condition ω B τ ≫ 1 until the magnitude B of magnetic field becomes extremely high. The conventional form ofΩ α depends actually on the experimental conditions and is determined mainly by the maximal values of B in experiment. The difference between the ZonesΩ α and Ω α , which can be detected only in extremely strong magnetic fields, represents in fact one of essential features of analytical behavior of conductivity, considered here.
Let us note now that the stable open quasiclassical trajectories do not represent all possible types of non-closed trajectories of system (I.1) and trajectories with more complicated geometry can arise on complicated Fermi surfaces for some special directions of B. Thus, the first example of trajectory which can not be restricted by any straight strip of a finite width was constructed by S.P. Tsarev ([34] ). The trajectory of Tsarev demonstrates explicit chaotic behavior on the Fermi surface and is essentially different from the stable open trajectories from this point of view. On the other hand, the Tsarev trajectory is also strongly anisotropic in the p -space and has an asymptotic direction in the plane orthogonal to B. So, from experimental point of view the contribution of Tsarev trajectories to the magneto-conductivity is also strongly anisotropic in the limit ω B τ → ∞ and corresponds to the regime (I.8). Let us say, however, that the Tsarev chaotic trajectories are completely unstable under small rotations of B and are not connected with topologically stable characteristics unlike the stable open trajectories discussed above. We have to say also, that the trajectories of Tsarev type (if they present) can appear just for the set of zero measure in the space of directions of B.
Another example of non-closed trajectory of (I.1) which demonstrates strongly chaotic behavior both in T 3 and in p -space was constructed by I.A. Dynnikov in [9] . The trajectories of Dynnikov are rather different from the Tsarev chaotic trajectories and require the maximal irrationality of the direction of B to be observed. The behavior of the conductivity tensor in the presence of the chaotic trajectories constructed in [9] was investigated in [24] and appeared to be rather different from both the regimes given by (I.4) and (I.5). The most interesting feature of the contribution to the conductivity tensor of the trajectories of this kind is that the presence of such trajectories suppresses the conductivity in all directions, including the direction of B, in the limit ω B τ → ∞.
In general, the Tsarev and Dynnikov chaotic trajectories demonstrate two different general types of possible chaotic behavior of trajectories of system (I.1), so in this sense all chaotic trajectories of (I.1) can be attributed to the Tsarev or Dynnikov type. Let us say here that different properties of chaotic trajectories of system (I.1) are also intensively investigated in modern mathematical literature (see [3-7, 10-12, 32, 33, 37] ).
The directions of B , corresponding to the chaotic open trajectories, can appear only outside the "Stability Zones", corresponding to the stable open trajectories of system (I.1). In the same way, the chaotic open trajectories of different types (Tsarev or Dynnikov type) can not appear at the same direction of B. Let us say, however, that in general the contribution of non-closed trajectories to the conductivity tensor should be added with the contribution (I.4) of closed trajectories of system (I.1), which usually present together with open trajectories (of any kind) at the same Fermi surface.
For more rigorous description of possible situations in the behavior of trajectories of (I.1) with arbitrary periodic dispersion law let us give here a reference to a detailed mathematical survey [10] , devoted to this question. The detailed consideration of different physical re-sults based on the results of topological investigations of system (I.1) can be found in [25, 26, 29] .
Our main goal in this paper will be more detailed investigation of the conductivity behavior in the "Stability Zones", based on the detailed topological description of the stable open electron trajectories arising for the corresponding directions of B. As we said already, the corresponding stable open trajectories demonstrate rather regular geometric properties in the planes orthogonal to B . Thus, all the stable open trajectories have the form shown at Fig. 6 and the same mean direction in p -space, given by the intersection of the plane orthogonal to B with an integral plane Γ α , which is fixed for the corresponding Stability Zone Ω α . As a result, the conductivity tensor has the asymptotic form (I.8) in the limit ω B τ → ∞ and demonstrates the specific geometric properties described above. These geometric (or topological) properties of the conductivity tensor give the most stable (topological) characteristics of the conductivity for a given "Stability Zone" and are connected with the "purely geometric" limit ω B τ → ∞. At the same time, we will see below, that the conductivity tensor demonstrates in general rather nontrivial analytical dependence on B in different parts of "experimentally observable" Stability Zones, which is caused by specific features of different trajectories of system (I.1) in these regions. Here we will investigate the analytical properties of conductivity for the case of rather big (but finite) values of the parameter ω B τ using topological description of "carriers of open trajectories" on the Fermi surface, defined for the corresponding directions of B. As we will see below, both the dependence on the parameter ω B τ and on the direction of B demonstrate here rather nontrivial properties.
In the next section we will give a description of "experimentally observable" Stability Zone and try to describe the main features of the analytical behavior of conductivity in its different parts, which gives from our point of view the main points of the picture arising in general case. In Sections III and IV we will present more detailed consideration of the contribution of the stable open trajectories to the magneto-conductivity, based on the topological description of such trajectories on complicated Fermi surfaces. Sections III and IV will have more mathematical character in comparison with Section II.
II. THE ANALYTICAL BEHAVIOR OF CONDUCTIVITY IN THE EXPERIMENTALLY
OBSERVABLE STABILITY ZONE.
To describe briefly the general picture, let us point out now the main points, which will play the most essential role in our considerations below. This section will be mostly descriptive, while more detailed analysis will be presented in Sections III, IV.
As we said already, the stable open trajectories demonstrate quasiperiodic properties for generic directions of B (B/B ∈ Ω α ). However, they become purely periodic for some special directions of the magnetic field. It's not difficult to see that the last situation arises every time when the plane orthogonal to B intersects the plane Γ α along an integer vector in p -space:
Both the cases of the quasiperiodic and the periodic trajectories lead in this situation to the conductivity tensor (I.8) in the limit ω B τ → ∞, having the same stable geometric properties for a given "Stability Zone". However, as we will see below, the limiting values of the components σ 22 , σ 23 , σ 32 , σ 33 , i.e. the values
(B/B is fixed), will have here sharp "jumps" with respect to the same values, defined for close generic directions of B.
More precisely, we can introduce the functions σ The directions B/B ∈ Ω α , corresponding to a fixed rational mean direction a of open trajectories, represent a one-dimensional curve γ α a (on S 2 ) given by the intersection of the big circle, orthogonal to a, and the Stability Zone Ω α (Fig. 7 a) . We have to say, however, that according to a more detailed consideration the periodic trajectories exist actually on some bigger curvê γ We can see then that every Stability Zone Ω α is actually covered by an everywhere dense net representing the "special directions" of B corresponding to different rational mean directions a of the stable open trajectories (Fig. 9 ). The set of all possible rational mean directions a of the open trajectories is given by two conditions:
where C a is the big circle orthogonal to the direction a.
Everywhere on the net we have the situation
however, the difference
decreases with the growth of the numbers (m 1 , m 2 , m 3 ) in (II.1). As we will see below, the approximate evaluation for this difference for complicated Fermi surfaces can be written in the form In the physical situation, when the values of B are finite but rather big, the "jumps" on the curves γ α a become very sharp "peaks" on these curves, which can be called the "rational peaks" in the values of magnetoconductivity according to rationality of the mean direction of the corresponding open trajectories in p -space.
The second important point in our picture is connected with the behavior of trajectories of system (I.1) near the boundaries of the Stability Zones Ω α outside the Stability Zones. As we have already said, the periodic trajectories of system (I.1) on the Fermi level exist in fact for directions of B belonging to the extended curvesγ exact Stability Zone as a subset. The boundaries of the "extended Zone"Ω α are in a sense conditional and depend on the maximal values of B used in the experiment. We can claim, however, that the experimentally observable Stability Zone exceeds the exact Stability Zone by a set of a finite measure for any arbitrary big maximal value of magnetic field B max (see Fig. 11 ).
The set Λ α =Ω α /Ω α can be called a "supplement" to the Stability Zone Ω α arising in the experimental observation of conductivity in strong magnetic fields.
It is possible to introduce also the values σ However, as can be easily seen, the period of the trajectories given by formula (II.1) can be rather large for big numbers (m 1 , m 2 , m 3 ). As a result, the features of the regular expansion can be observed actually just on the scales
At the same time, on the scales of the values of B , satisfying the condition Let us now make some remarks concerning the experimental study of the magneto-conductivity in (monocrystalline) metals having complicated Fermi surfaces. Let us note first that the measuring the magneto-conductivity in presence of the open trajectories very often is being made for directions of B belonging to the largest "Stability Zones", characterized by the biggest area and the highest symmetry on the angle diagram. Rather often it is convenient also to fix just a small set of directions of B inside the Stability Zone and to measure the magnetoconductivity changing the magnitude B of the magnetic field. According to the design of the research facility it appears rather often that the corresponding set of directions of B represents in fact some symmetric or "rational" points on the angle diagram, such that all (or a part) the directions belong actually to some curvesγ α a ⊂Ω α corresponding to rather simple periods a of the open trajectories. This is exactly the case when the magnetoconductivity demonstrates the regular behavior (I.7) under the simple condition ω B τ ≫ 1.
The corresponding magneto-resistance tensor can be written here in the form
In particular, the behavior of the transverse resistivity (j ⊥ B) demonstrates a regular quadratic law:
where ϕ is the angle with the x-axis in our coordinate system. The situation is rather different in the case when the open trajectories have an irrational mean direction
in the plane Γ α . From one point of view, the limiting values of the conductivity tensor are also given here by the relations (I.8) in the limit ω B τ → ∞. At the same time, the regular series (I.7), (II. 
(II.7) where the functions a(B), b(B), c(B) have the following asymptotic behavior
At the same time, the functions q(B), p(B) have the following "general trend"
Let us emphasize here that the relation ∼ in (II.9) means just some general trend in the behavior of the corresponding functions which admits additional irregular corrections on the finite scales. In general, these corrections can be characterized as "cascades of step-like perturbations" with the structure defined by the properties of the number κ (Fig. 12) . Let us note here that the behavior of q(B), p(B) can demonstrate noticeable local deviations from the trend for special irrational κ which can be approximated by rational numbers with a high precision. In particular, the last circumstance can be important for the directions of B close to the special directions B/B ∈ γ α a which were discussed above. The behavior of the function r(B) is even more complicated compared with that of q(B) and p(B) . Here we would like to suggest just the following "reliable" restriction play important role in the behavior of σ kl (B) and can give noticeable deviations from the asymptotic regime (II.9). As a consequence, we should expect also that in the interval of not extremely strong magnetic fields the interplay between the limiting values of σ kl (B) and the corrections depending on B will play an essential role in conductivity behavior.
In general, the picture described above demonstrates the main features of the behavior of σ kl (B) inside the mathematical Stability Zones Ω α .
In the Zone Λ α we have to introduce the function λ(B/B) , 1 ≤ λ < ∞, characterizing the mean size of long closed trajectories for generic directions of B. In common, the function λ(B/B) can be defined as the ratio of the length of such trajectories in the p -space to the size of the Brillouen zone. Let us note that the definition of the function λ(B/B) has actually rather approximate character. It is natural then to introduce the "intermediate" stable values of conductivityσ kl int (B/B) , (k, l = 2, 3), which are proportional to the measure of the long closed trajectories on the Fermi surface. For the behavior of conductivity for not extremely strong magnetic fields 1 ≪ ω B τ < λ(B/B) and generic directions of B in Λ α we can then use the following relations
, with the same remarks about the functions a(B), b(B), c(B), q(B), r(B), p(B).
To describe the asymptotic behavior of conductivity in the region of extremely strong magnetic fields ω B τ ≫ λ(B/B) for the same directions of B it is convenient to consider separately the symmetric s kl (B) and the anti-symmetric part a kl (B) of the tensor σ kl (B) . As will be shown below, the corresponding parts of σ kl (B) can be approximated here by the following expressions
where
Let us note, that the interplay between the symmetric and the anti-symmetric parts of σ kl (B) has here rather nontrivial character. Thus, we can see that the values σ 23 (B) and σ 32 (B) are defined mostly by the symmetric part in the interval
and by the anti-symmetric part for ω B τ > λ 2 (B/B) . Another important feature in the behavior of conductivity is given here by the relation (II.13), which indicates the suppression of the conductivity along the direction of B in the region ω B τ ≫ λ(B/B) ≫ 1 .
The values of λ(B/B) are equal to 1 on the exterior boundary of the region Λ α . At the same time, we should put λ(B/B) = ∞ on the curvesγ According to the above remarks, we can see actually, that the exact boundary between the regions Ω α and Λ α is not usually observable in experiments.
We can see that the picture described above makes the analytic structure of tensor σ kl (B) in the ZoneΩ α rather complicated. The most complicated situation can arise in that part of the Zone Λ α where we have the relation ω B τ ≃ λ(B/B) for typical values of B in the experiment. In the last case the behavior of σ kl (B) can demonstrate the most complicated trends, which are intermediate between (II.11) and (II.12) -(II.14). In experimental study of the behavior of conductivity it can be convenient to approximate the corresponding regimes
The Zone of the most complicated behavior of conductivity tensor (black) in the "experimentally observable Stability Zone"Ωα.
with the aid of intermediate powers of ω B τ and write
As an example, putting approximately µ = ν , we can write the relation for the resistivity behavior in strong magnetic fields:
In particular, we get the following approximation for the resistivity in the plane orthogonal to B :
where ϕ is the angle with the x-axis in our coordinate system. We should say, however, that the powers µ and ν play here just the role of local approximating parameters and are unstable both with respect to rotations of B and big changes of its absolute value. Let us note also that the corresponding part of Λ α has in general rather complicated structure view the complicated behavior of the function λ(B/B) (Fig. 13) .
We can see then that the experimental study of galvano-magnetic phenomena in the presence of open trajectories can reveal rather non-trivial behavior of magneto-conductivity, which is caused both by the complicated dependence of conductivity on the value of B and possible small variations of directions of B in experiment. The general analytical picture described above can be used for description of the dependence of the magnetoconductivity both on the value of B and the direction of B inside the "experimentally observable" Stability Zonê Ω α . Let us say again that the picture described above is based just on geometric consideration of the trajectories of system (I.1) and does not include many other essential effects which can be important in real metals.
At the end of this section, we would like to note that the picture described above is based on the assumption that the Fermi surface of a metal has a complicated form. This assumption means, in particular, that the carriers of the stable open trajectories have the form defined by general topological theorems for generic dispersion law. This form will be described in the next section and has some special features for generic Fermi surfaces S F . However, for special simple Fermi surfaces the carriers of open trajectories can have much simpler form, which will result also in simpler behavior of conductivity in comparison with the described above.
As an example of the simple Fermi surface, we can consider just a pair of slightly deformed integral planes in the p -space (like for some classes of organic metals). It is easy to see that the exact mathematical Stability Zone Ω can be identified here with the whole sphere S 2 and coincides with the "experimentally observable" Stability ZoneΩ. As a result, we can not observe here the effects, connected with the reconstruction of the open trajectories, typical for the Zones Λ α . The "rational peaks" in the conductivity can be observable here for the surfaces having essential deformations (see e.g. [30] ), however, they decrease exponentially with the growth of the numbers (m 1 , m 2 , m 3 ). As a result, we can expect here the experimental evidence of just a finite number of the lines γ a instead of the complicated angle dependence of conductivity, observable in the Zones Ω α . It is easy to see also, that for the case of vanishing amplitude of deformation of the planes the conductivity tensor demonstrates just a very fast approach to its limiting form given by formula (I.8).
In the next sections we will make more detailed consideration of the effects described above using the kinetic approach to the transport phenomena. In general, all the statements above can be obtained within the τ -approximation for the kinetic equation for the electron gas.
III. THE GEOMETRY OF THE STABLE OPEN TRAJECTORIES AND THE CONDUCTIVITY TENSOR.
Let us start with the description of generic picture arising on the Fermi surface in the case of presence of the stable open trajectories at ǫ = ǫ F ( [10] ). Everywhere below we will assume that the Fermi surface represents a smooth non-selfintersecting 3-periodic surface in pspace.
Consider the general picture of intersection of a 3-periodic surface in p -space by the planes orthogonal to B (Fig. 3) . First, let us look at the closed trajectories in p -space if they present on the Fermi surface.
The non-singular closed trajectories in p -space are always locally stable and can be combined into connected cylinders consisting of trajectories of this type. In the case when a connected component of the Fermi surface does not consist of the closed trajectories only, these cylinders have finite heights and are bounded by singular closed trajectories (Fig. 14) . Let us make now the following reconstruction of the Fermi surface:
We remove all the cylinders of closed trajectories from the Fermi surface and fill the created holes by 2-dimensional discs orthogonal to B (Fig. 15) .
It is easy to see that the reconstructed Let us remind here that the plane Γ is called integral if it is generated by any two reciprocal lattice vectors. So, every connected component of the reconstructed Fermi surface has two independent periods represented by two vectors of the reciprocal lattice. Let us note also that the picture described above is evidently stable with respect to all small rotations of B view the local stability of nonsingular closed trajectories on the Fermi surface.
All the connected components of the reconstructed Fermi surface are parallel to each other which leads to the coinciding of the mean directions of all stable open trajectories in p -space. The last property was called in [25, 26] the Topological Resonance and plays very important role in the experimental observation of the anisotropic regimes of conductivity behavior and of the Topological Numbers corresponding to a given Stability Zone.
In this paper we will use the picture described above as the general picture arising in the case of presence of stable non-closed electron trajectories on the Fermi surface. Let us note here that this picture can have some additional features for some special directions of B within the Stability Zone (see [10] ) which can be also detected from the experimental point of view ( [25, 26] ). These phenomena, however, have a non-generic character and will not be considered here.
After the factorization over the vectors of the reciprocal lattice every connected component of the reconstructed Fermi surface becomes a two-dimensional torus T 2 embedded in T 3 . The number of non-equivalent components in T 3 is always finite and represents an even number.
The open (in p -space) trajectories of system (I.1) on the Fermi level are given by the intersections of the components of the reconstructed Fermi surface with the planes orthogonal to B and represent irrational coverings of the corresponding tori T 2 (except the discs D 2 ) in generic situation (Fig. 16 a) . However, for special directions of B the intersection of the plane orthogonal to B with the integral plane Γ α (B ∈ Ω α ) can have rational (integral) direction, which means in fact that the corresponding trajectories of (I.1) become periodic in pspace. The corresponding trajectories in T 3 become now closed curves on the tori T 2 and are not dense anymore on the sets T 2 \ ∪ D 2 i , which can be called the "carriers of open trajectories" on the Fermi surface (Fig. 16 b) .
As we can see, the generic and the periodic open trajectories demonstrate an obvious difference in their statistical properties on the "carriers of open trajectories". As will see below, this circumstance will play important role for the behavior of the conductivity tensor σ kl (B) in the limit ω B τ → ∞ .
We can see here that the periodic trajectories can not appear for completely irrational directions of B since the plane orthogonal to B should contain at least one vector of the reciprocal lattice, giving the mean direction of such trajectories. Let us note that the class of rationality of a direction of magnetic field B is defined as the number of linearly independent reciprocal lattice vectors lying in the plane orthogonal to B. In particular, the directionB 0 α , orthogonal to the plane Γ α , represents a purely rational direction according to this definition.
In general, it is not difficult to see that the directions of B in a Stability Zone Ω α , corresponding to periodic open trajectories, form a dense net of one-dimensional curves, which do not intersect each other in Ω α in the case when the directionB 0 α ⊥ Γ α does not belong to Ω α (Fig. 9 a) or all intersect at the pointB (Fig. 9 b) .
As we already said above, all the one-dimensional curves γ α a should be actually extended outside the Stability Zone Ω α since the periodic open trajectories exist in fact for a wider set of directions of B surrounding Ω α . The periodic open trajectories become unstable with respect to small rotations of B outside Ω α . We have to note also that the difference between the curves γ α a and γ α a decreases with increasing of the "denominator" of a rational mean direction of the periodic trajectories and vanishes in the limit |a| → ∞ (Fig. 10 ).
Let us consider now the carriers of open trajectories in more detail.
The general form of connected components of the reconstructed Fermi surface is shown at Fig. 17 and represents a periodically deformed integral plane in p -space with two periods q 1 , q 2 , given by two independent reciprocal lattice vectors.
The carriers of open trajectories in p -space represent the same periodically deformed integral planes without "artificial" two-dimensional discs D 2 , attached after the removal of closed trajectories. Let us exclude here the non-generic case when the magnetic field B is orthogonal to the plane Γ α and consider the generic case
We will assume in our considerations that the z -axis is always chosen along the direction of B while the xand y -axis are orthogonal to B. In the generic situation described above the values of p z separate all different trajectories at a given component and p z can be chosen as a "coordinate" on the corresponding carrier of open trajectories.
The second coordinate on the carriers of open trajectories is naturally given by the parameter t, measured along the trajectories according to system (I.1).
In general, a natural system of local coordinates in p -space (or T 3 ) is given by the triple (p z , t, ǫ) if we consider system (I.1) for all values of ǫ . The coordinates (p z , t, ǫ) are naturally connected with system (I.1) and possess also one more remarkable property: dp z dt dǫ ≡ c eB dp x dp y dp z (III.
2)
The last property is caused in fact by the Hamiltonian properties of system (I.1), which can be considered as a Hamiltonian system with the Hamiltonian ǫ(p) and the Poisson bracket
It can be seen also that the integration over the layer restricted by the energy values ǫ 0 and ǫ 0 + dǫ can be represented by the integration over the energy surface ǫ(p) = ǫ 0 according to the formula
f (p x , p y , p z ) dp x dp y dp z = = eB dǫ c
f (p z , t, ǫ 0 ) dp z dt (III.3) Formula (III.3) gives in fact very convenient way of statistical averaging of any value over the Fermi distribution in presence of magnetic field.
It's not difficult to see that every connected component of the reconstructed Fermi surface can be divided into a periodic set of the fundamental (minimal) domains identical to each other (Fig. 18) .
It can be seen also that the fundamental domains can be chosen in the form of "curvilinear" parallelograms with the sides, corresponding to the vectors q 1 and q 2 . The division of the connected components of the reconstructed Fermi surface gives also a natural division of the corresponding carriers of open trajectories into fundamental domains.
All the fundamental domains are physically equivalent to each other, so every domain represents in fact the full set of the physical states represented by the whole component. The two-dimensional tori T 2 ⊂ T 3 , which we discussed above, can be considered also as any of the fundamental domains with the identified opposite sides. As we said already, every nonsingular open trajectory becomes then a smooth curve on the torus T 2 which can be open or closed (periodic in p -space) depending on the direction of B (Fig. 16) .
The difference between the closed and the non-closed trajectories on the tori T 2 causes an evident difference in the averaging of any of the physical quantities over time on the trajectories of this kind. Thus, we can claim that any time average over generic (non-closed on T 2 ) trajectory coincides with the averaging of the corresponding quantity over the carrier of open trajectories, which depends smoothly on the direction of B inside the "Stability Zone". On the other hand, the time average over a periodic (closed on T 2 ) trajectory is in general different from the mean value of the same quantity on the carrier of open trajectories. As can be seen, the last feature can lead to irregular dependence of the conductivity tensor on the direction of B inside Ω α .
Let us consider now the standard kinetic approach (see e.g. [1, 23, 35] ) to the magneto-transport phenomena, using the geometric picture described above.
The full dynamical system for the adiabatic evolution of the electron states both in presence of magnetic and electric fields can be written aṡ
In system (III.4) the electric field E will be considered as a small value while the value of magnetic field is supposed to satisfy the strong magnetic field limit condition ω B τ ≫ 1 .
In the kinetic approach we have to introduce the single-particle distribution function f (p, t) satisfying the Boltzmann equation
where I[f ] represents the collision integral. Here we will be interested in the stationary solutions of the equation (III.5), so we put now f (p, t) = f (p). In the absence of electric field the distribution function f (p) is given by its equilibrium values
and we have identically I[f ](p) ≡ 0. The conductivity tensor σ kl (B) is defined by the linear in E correction to the function f 0 (p), satisfying the equation can be considered as a term, connected with the relaxation of non-equilibrium perturbations to the equilibrium state. In the so-called τ -approximation the righthand part of system (III.6) can be replaced by the value −f 1 (p)/τ , where τ plays the role of the characteristic relaxation time. It will be convenient here to use the τ -approximation for the equation (III.6), which is enough to catch all the main features of our consideration. The characteristic relaxation time τ is usually identified with the mean free electron motion time. Let us introduce now the variable s = teB/c , where t is the parameter along the trajectories of system (I.1), introduced above, and consider the coordinate system (p z , s, ǫ) in the p -space. The parameter s has a purely geometrical meaning in p -space and does not depend on the value of B. According to (III.2) -(III.3), we can naturally write dp z ds dǫ ≡ dp x dp y dp z ,
f (p x , p y , p z ) dp x dp y dp z = = dǫ
f (p z , s, ǫ 0 ) dp z ds
It's not difficult to see also, that under our assumptions above the equation on the function f (1) (p z , s, ǫ) can be represented as eB c ∂f (1) ∂s
in the coordinate system (p z , s, ǫ).
After the substitution
we get the linear systems eB c
for the functions g l (p z , s, ǫ). The solutions of systems (III.8) which we need can be written in the form
(III.9) where the integration is taken along the whole part of a trajectory preceding the point (p z , s, ǫ).
The mean value of the density of the electric current is given by the formula
(in the linear approximation in E).
The form (III.7) of the correction f (1) gives in fact very strong concentration of f (1) (p z , s, ǫ) near the Fermi surface for most of the normal metals, so the term − ∂f 0 /∂ǫ can be actually replaced by the delta-function δ(ǫ − ǫ F ) in the integration over ǫ. Finally, we come to the following simple expression for the value of the electric current density:
The general form of the conductivity tensor σ kl can be represented as
At the same time, the contribution of the open trajectories ∆σ kl is given by the restriction of the integral in (III.10) to the set of the carriers of open trajectoriesŜ F instead of the whole Fermi surface, so we can write:
Let us say, that the irregular behavior of σ kl (B) in Ω α is completely determined by the functions ∆σ kl (B) , so we will be interested here mostly in the behavior of ∆σ kl (B) in the limit B → ∞ .
It's not difficult to see that for all types of trajectories in our case we can write in the limit B → ∞ for the conductivity tensor 
Let us note here that according to our choice of coordinate system (x, y, z) we will always have v We can see also, that according to the definition above, the values v k gr tr (p z , s) do not depend in fact on the variable s for the trajectories of our type. As a corollary, the first multiplier can be also replaced by its mean value on every trajectory of system (I.1). Finally, we can write for the contribution of the stable open trajectories to the magneto-conductivity for B → ∞ :
gr tr (p z ) dp z ds (2π ) 3 (III.12) Let us note that the tensor σ kl ∞ is purely symmetric according to (III.12), which is not the case for finite values of B.
Let us give now qualitative derivation of the regimes of the conductivity behavior described in the previous section.
As it is not difficult to see, in the case of generic direction of B 
gr tr (p z ) dp z ds Ŝ γ F dp z ds (III.13)
Let us introduce now the functions
where the summation is taken over all the connected carriersŜ (Fig. 20) .
The values p z and s give a good parametrization of the fundamental domain under the requirement (III.1). We can assume without loss of generality that B is not orthogonal to the vector q 2 which will also mean that the mean direction of the open trajectories does not coincide with the direction of q 2 . Let us put also that the values of p z belong to the interval [0, p The parameter s is not continuous in our fundamental domain and has singularities on the levels of p z , containing singular points within the domain. As we will see, this circumstance will not actually be important in our considerations. Let us put that the values of s are restricted by the values s 1 (p z ) and s 2 (p z ) at a given value of p z for our fundamental domain. The functions s 1 (p z ) and s 2 (p z ) also have singularities at the same p z , defined by the singular behavior of s 2 (p z ) − s 1 (p z ) :
It's not difficult to see also that the singularities of s 2 (p z ) − s 1 (p z ) have asymmetric character since the corresponding trajectories approach the singular point once or twice depending on the sign of ∆p z . Let us note here that the last circumstance played important role in the proof of the fact of mixing in the dynamical systems analogous to those considered here. This property was proved in paper [31] where systems of this kind were considered in connection with a different problem of Hamiltonian dynamics ( [2] ).
Every trajectory with the period q = k 1 q 1 + k 2 q 2 is represented in our domain by |k 1 | + |k 2 | separate lines, giving a closed curve after the identification of the equivalent points in the p -space. The values of the functions v l gr tr are the same on every set of |k 1 | + |k 2 | components representing one periodic trajectory.
The presence of singular points plays also important role in the global motion of electrons along the nonsingular trajectories since they appear many times at rather small distances from a periodic trajectory with a large period q = k 1 q 1 + k 2 q 2 . As a result, the length S of a periodic trajectory in the parameter s (S ∼ |k 1 | + |k 2 |) has essential fluctuations, caused by the presence of singular points in the fundamental domain. Let us note, that according to system (I.1) we can write in our coordinate system
(III.14) our purposes here (we omit here rigorous estimations) the corresponding contribution δ 2 S(p z ) to the function S(p z ) can be actually approximated by a linear function
, on every interval I j . The functions δ 1 S(p z ) and δ 2 S(p z ) represent the main corrections to the "basic value"S of the function S(p z ), which are responsible for the main terms in the dependence of ∆σ In our situation we can put approximately
on every interval I j . Let us say that the approximation above should be used in our scheme also for the calculation of the approximate values of v 
for k, l = 2, we finally get the relations
To give the necessary approximation for the function v z gr tr we have to evaluate also the integral
over a periodic trajectory. First, we should note, that we have to prescribe here also the "basic value"
We
We can see here that the function v 
, which implies also relations (II.2) for a given Stability Zone Ω α .
The arguments used above can be applied also to the estimation of the functions q(B), r(B), p(B) in relations (II.7). Let us say at once, that we will not present here rigorous calculations, however, the approximate considerations below capture all the essential features which are necessary for our purposes. Thus, for the estimation of the functions (III.9) we can use the approximation when the integration in (III.9) is taken just over a part of a trajectory having length ∼ eBτ /c in the parameter s. In the same way, we can use for the averaged values we can also introduce here the values p j z in the fundamental domain, defined by the requirement of presence of a singular point on the preceding part of the corresponding trajectory at a distance not exceeding the value ∼ ω B τ p F in the p -space. The number of the values p j z in the fundamental domain has the order ∼ ω B τ for B → ∞ and we can consider again the division of the interval [0, p 0 z ] to the segments I j analogous to those considered above. The similar analysis shows also that the behavior of the functions v
Let us introduce now the symmetric and the antisymmetric parts of the conductivity tensor
According to the Onsager relations we have the identities
After some elementary calculations we can get from the formula (III.11):
l gr dp z ds It is easy to see that the estimation (III.22) gives now the relations (II.9) for the functions q(B) and p(B) . At the same time, the relations (II.10) for the function r(B) are defined by the behavior of the anti-symmetric part of the tensor σ kl (B) . Using the same approximations for the functions v 2,3 gr B (p z , s) , we get now the estimation
Using
Let us say that a unified description of the function ∆ a 23 (B) can not be actually obtained in general situation, since its the behavior admits really essential variations depending on a concrete form of the Fermi surface.
As we said already, the relations (III.22) can be considered just as a "general trend" in the behavior of conductivity in strong magnetic fields. Let us give here a more detailed explanation of our statement.
As we can see, the analogy between the relations (III.18) and (III.22) requires in fact the assumption of the "uniform covering" of the carrier of open trajectories by parts of the trajectories having length ≃ ω B τ p F . This assumption is fulfilled "in average", however, it can be violated for concrete values of ω B τ for special directions of the open trajectories. It is not difficult to see, that this violation definitely takes place when the direction of the open trajectories can be approximated by a rational direction with a very high precision ( ≪ |k 1 | + |k 2 | ). As we can see, the corresponding open trajectories will then be very close to the periodic trajectories on the lengths For better description of the behavior of σ kl (B) for generic mean directions of the stable open trajectories let us just say some words about the problem of approximation of irrational numbers by rational ones. In our case we have to investigate the possibility of rational approximations of the number κ in relation (II.6), which correspond to rational approximations of the mean direction of the open trajectories in the plane Γ α .
According to classical (Dirichlet) theorem we can state that for any number N ∈ N there exist two integer numbers k 1 , k 2 :
Let us note here that we can put without loss of generality |κ| < 1, so we will assume also |k 2 | ≤ |k 1 | for precise approximations of κ.
For the value N ≃ ω B τ we can rewrite the relation (III.24) in the form 25) which means that the deviation of the open trajectory from the corresponding periodic trajectory does not exceed the value ≃ p F /k 1 on the length L ≃ ω B τ p F .
The relation (III.25) can be considered as the first step in the approximation of irrational directions of open trajectories by rational ones since the mean distance between the curves representing a periodic trajectory in the fundamental domain is of order of
We have to say, however, that relation (III.25) does not give a precise connection between the values ω B τ and k 1 , so this connection should be specially studied for every concrete irrational number κ. Using the theorem of Dirichlet, we can see that for any irrational number κ there always exists an infinite sequence of rational approximations
such that the following relations
take place for every s. If we consider now a sequence
1 , we get the relations
analogous to (III.25), for this sequence. It can be seen, that the estimation above should not cause in general crucial deviations from the general trend according to our picture.
Let us say, however, that the estimation (III.26) can be actually improved if we consider "generic" irrational numbers κ , representing a set of the full measure in R . For example, the following theorem can be formulated for generic κ :
Theorem (see e.g. [14] ): Let f (x) be a positive function of positive x , such that the function xf (x) is non-increasing. Then for almost all irrational κ the inequality
has infinitely many solutions (k
2 ) if for some positive c the integral
The theorem above gives an improvement of the estimation (III.26) for "almost all" irrational numbers κ in the sense of the standard measure in R. Easy to see, that the set of the functions f (x) , which can be used for the improvement of the estimation (III.26), is rather big. For example, we can put
etc. In particular, using the function f 1 (x) , we get for the corresponding sequence of B (s) the estimation
). The estimation above shows that the general trend (II.9) for the functions q(B), p(B) should have in fact an additional structure represented by the presence of "plateaus" near the values B (s) . As we said already, the estimation (III.27) can be used for "almost all" irrational numbers, characterizing the mean direction of open trajectories. For special irrational numbers these estimations can be much stronger and we should say in this case that the corresponding number has "very good" approximations by rational numbers.
As we can see then, the general trend in the behavior of s kl (B) (k, l = 2, 3) can be understood as an implementation of the relations (II.9) for the "reference values" of B , which represent an infinite sequence on the interval m * c/eτ < B < ∞. At the same time, near the values B (s) the behavior of s kl (B) demonstrates some kind of "plateaus" where the local dependence on B is actually different from the general trend. As a result, the global behavior of s kl (B) , k, l = 2, 3 demonstrates a kind of "cascade structure" defined by the properties of the irrationality κ . Let us note also that the cascade structure is more distinct for the numbers κ , having better rational approximations, and is smoothed for generic irrational κ .
According to the above remark, we can also see that the trend (II.9) has in some sense "conventional" character and can be also considered just as a convenient choice among close possible descriptions of the asymptotic behavior of conductivity. We have to note also that in the special case when the carriers of open trajectories do not contain holes with singular points the relations (II.9) should be actually changed to the simpler trend
As it is not difficult to see, all the remarks above apply also to the estimation (III.23), which can be violated in the same situations as (III.22). For this reason, we should consider the relation (II.10) just as a "reliable" restriction on the function r(B) , defined by relation (II.7).
At the end of this section, let us consider the behavior of the components σ kl (B) , where k or l is equal to 1. Let us note here that relations (II.7) represent in this case the main terms in the behavior of these components which determines the difference between the functions a(B), b(B), c(B) and q(B), r(B), p(B) . According to system (I.1) the integral for the symmetric part of ∆σ kl (B) . We can see then, that the main terms in the asymptotic behavior of the values σ 1l (B) , σ k1 (B) , (l, k = 2, 3) are defined by the anti-symmetric part of the conductivity tensor. To estimate the corresponding terms let us note now that the estimation (III.28) is also valid for the function l gr dp z ds (2π ) 3 (l = 2, 3), which gives the necessary estimation for the functions ∆a 1l (B) . Adding also the anti-symmetric part of the tensor (I.6), we get finally the remaining part of the relation (II.8).
Let us note also that the higher corrections to the components σ 1l (B) , σ k1 (B) have more complicated behavior for generic open trajectories in p -space but usually are not considered in applications.
Let us say here, that the structure of σ kl (B) described above has in some sense abstract theoretical character and probably can not be observed in all features in most of the experiments. However, we expect that the basic elements of the picture described above still can be detected in special studies of the conductivity behavior in strong magnetic fields. In general, we can expect that in the most of the real experiments it can be just established that the values σ kl (B) −σ kl ∞ , k, l = 2, 3 demonstrate some general decreasing with the increasing of B with not uniquely specified decreasing law. Quite often it is convenient to approximate the behavior of σ Let us say that the questions considered above are connected mostly with the geometry of the stable open trajectories. In the next section we will consider the aspects of the conductivity behavior connected with the reconstruction of the trajectories of this type.
IV. THE RECONSTRUCTION OF THE OPEN TRAJECTORIES AND THE CONDUCTIVITY
BEHAVIOR IN THE "EXPERIMENTALLY OBSERVABLE STABILITY ZONE"Ωα .
To explain the behavior of conductivity in the Zone Λ α we have to consider the reconstruction of the carriers of open trajectories after crossing the boundary of the Zone Ω α on the unit sphere. In general, the most essential features of such reconstruction can be demonstrated by the following simplified scheme:
Let us imagine the Fermi surface in R 3 in the form of an infinite set of integral planes (with holes) connected by parallel cylinders of finite heights (Fig. 22) . It is assumed that all the planes are divided into the "even-numbered" and the "odd-numbered" planes, which gives also the separation of the cylinders into two different classes. We will assume here, that all the planes of a given class represent the same object after the factorization over the reciprocal lattice vectors and the same is assumed also about the cylinders of a given class. Thus, the physical Fermi surface represents here two parallel two-dimensional tori (with holes) T 2 ⊂ T 3 connected by two cylinders in T 3 . It is easy to see that for those B, which are almost parallel to the axes of the cylinders, the cylinders constructed above represent cylinders of closed electron trajectories, while the planes with holes play the role of carriers of open trajectories. It can be seen also, that the open trajectories on the planes of different types represent the motion in two opposite directions, while two types of finite-sized cylinders carry closed trajectories of the "electron type" and the "hole type" respectively. Thus, we get a Stability Zone Ω α around the direction B , parallel to the axes of the cylinders connecting the integral planes.
The cylinders of the closed trajectories almost coincide with the cylinders, connecting the planes, for directions of B, close toB , however, they become shorter and represent just parts of these cylinders for B, deviating from the directionB . The boundary of the Zone Ω α is defined by the condition that the height of the cylinders of closed trajectories of one type (say, electron type) becomes zero, while the height of the cylinders of closed trajectories of another type remains finite. After crossing the boundary of Ω α the individual integral planes do not represent carriers of open trajectories anymore, however, we can still claim that near the boundary of Ω α the cylinders of closed trajectories of the second type cut our Fermi surface into pairs of connected integral planes in R 3 . So, we can investigate here the behavior of trajectories of system (I.1) separately on these separated parts of the Fermi surface, which gives actually rather simple description of the trajectories in R 3 : Let us denote here by Γ α the integral plane, giving the common integral direction of the planes considered above, and by Π(B) the plane orthogonal to B. It is not difficult to see that in the picture described above all the trajectories on our Fermi surface become closed if the intersection of Γ α and Π(B) has irrational direction.
The appearance of the closed trajectories on every pair of connected planes can be considered as a result of a re- construction of the open trajectories, which is caused by the "jumps" of the trajectories between two planes outside Ω α (Fig. 23) . It is easy to see that these closed trajectories will have very big length in the immediate vicinity of the boundary of Ω α due to the low probability of the "jumps" in this region. At the same time, it can be seen also that for any fixed irrational direction of intersection of Γ α and Π(B) all the open trajectories will necessarily pass through the reconstruction after the crossing the boundary of Ω α .
The situation is rather different when the intersection of Γ α and Π(B) has a rational direction a. Let us remind now, that the tensor ∆s kl (B) should be added also with the symmetric part of the contribution of the short closed trajectories extracted from the relations (I.6). As a result, the value s 33 (B) will get in fact a finite contribution, which does not depend on the value of λ(B/B) . We can claim, however, that the conductivity behavior demonstrates here a partial suppression of the conductivity along the direction of B , which is expressed by the formula (II.13).
To evaluate the contribution of the long closed trajectories to the anti-symmetric part of the conductivity tensor we need actually a more detailed consideration of the behavior of v k gr (p z , s) on the trajectories of this type. Thus, using formula (III.21) in the form
we can easily get the estimation
from the relation (IV.2). At the same time, the estimation of the value ∆a 23 (B) requires in fact a more detailed analysis of the formula (IV.3). Thus, the estimations (IV.1) can not be simply used in formula (IV.3) to get the corresponding estimation of ∆a 23 (B) because of the specific form of the trajectories shown at Fig. 23 . Indeed, as can be easily seen,
Finally, we can write the estimation
for the contribution of the long closed trajectories to the anti-symmetric part of the conductivity tensor.
Easy to see also that after the addition of the contribution of the short closed trajectories we get finally the formula (II.14) for the anti-symmetric part of the conductivity tensor.
For the values ω B τ ≃ λ(B/B) formula (III.10) gives some intermediate regimes between (II.11) and (II.12) -(II.14) which have in general some irregular form. We don't consider here these regimes in detail and just speak of the experimental approach to description of σ kl (B) using intermediate powers of ω B τ . As we have already said, the corresponding powers of ω B τ have in this case just a local character and are not well defined as stable characteristics of the conductivity behavior.
The schematic Fermi surface considered above looks rather special from the general point of view. However, it demonstrates all the main points of the behavior of open trajectories near the boundary of the Stability Zone Ω α which are important for us. In general, the schematic picture represented above can be enriched by additional cylinders of closed trajectories, connecting the integral planes or just having a point as a cylinder base (Fig.  24) . Theoretically, we can also consider the situation when the connected parts of the Fermi surface joining integral planes represent compound structures consisting of several cylinders of closed trajectories (in fact, this situation is extremely unlikely for real Fermi surfaces). Still, the main feature of the reconstruction of the carriers of open trajectories after crossing the boundary of Ω α for generic Fermi surface is given by the vanishing of the height of one particular cylinder of closed trajectories and the division of the Fermi surface into the pairs of integral planes, separated by other cylinders of closed trajectories. The most general picture of the division of the Fermi surface forB ∈ Ω α is given actually by the scheme containing more than two non-equivalent integral planes (with the same integral direction), connected by cylinders of closed trajectories. In the last situation, which is theoretically possible for Fermi surfaces of very high genus, the pairs of integral planes and individual carriers of open trajectories can coexist after the reconstruction of a part of the open trajectories. Mathematically we will have in this case an overlapping of two Stability Zones Ω α and Ω ′ α with the same "topological quantum numbers", which will result also in overlapping of the zoneŝ Ω α andΩ ′ α in the experimental study of conductivity. The full conductivity tensor in the overlappings
is given in this case by the sum of the corresponding asymptotic expressions above, so we have here a theoretical possibility to observe very complicated analytical behavior of conductivity in the limit B → ∞.
Let us point out here that the possibility of representation of the Fermi surface in the special form described above in the case of presence of stable open trajectories is based on rather deep topological theorems playing the most important role in the considerations of papers [8, 10, 36] . So, the picture described above represents in fact (under some generic requirements) the most general situation.
At the same time, we have to note that the statement above should be understood just as a topological characterization of system (I.1) in the case of presence of stable open trajectories. Thus, the topological structure shown at Fig. 24 can have in fact much more complicated (visual) geometric representation in the p -space.
Finally, we can briefly describe the structure of the "experimentally observable Stability Zone"Ω α , arising in the quasiclassical approximation, as a union of the following main parts:
I) The central part of the ZoneΩ α (containing the "mathematical Stability Zone" Ω α ). The conductivity behavior in this part demonstrates the "most regular" dependence on the value of B , represented by the asymptotic regimes (II.7) or (II.11). At the same time, the angular dependence of σ kl (B) demonstrates here rather irregular character due to the presence of the "rational peaks" in the values of σ kl (B) on a dense set of directions of B in this area (Fig. 13) .
II) The zone of rather complicated form around the central part of the ZoneΩ α (the black area at Fig. 13 ). The tensor σ kl (B) demonstrates here the most complicated dependence both on the value and the direction of B , corresponding to a gradual transition from the regime (II.11) to (II.12) -(II.14). For an approximation of the behavior of σ kl (B) the intermediate powers (ω B τ ) µ can be locally used, in general the value of µ demonstrates unstable behavior. At the same time, the behavior of σ kl (B) demonstrates a suppression of the conductivity along the direction of B (σ 33 (B)) to some lower values on the exterior boundary of this zone.
III) The "boundary region" of the ZoneΩ α . The behavior of σ kl (B) demonstrates here a gradual transition from the regime (II.12) -(II.14) to the simpler behavior (I.4). The behavior of σ 33 (B) demonstrates here a gradual increasing of the conductivity along the direction of B to its maximal value on the boundary ofΩ α .
At the end of the paper, we would like to make also one additional substantial remark. Namely, it can be actually shown, that the topological structure of system (I.1) admits also a similar description being considered for the whole dispersion relation ǫ(p) and not just for a fixed Fermi level ǫ = ǫ F (see [10] ). In particular, the "Stability Zones" (corresponding to the presence of stable open trajectories at least at one energy level) can be introduced for the whole spectrum ǫ(p) . From this point of view, the "experimentally observable Stability Zones" Ω α have in fact a connection with exact mathematical Stability Zones, defined for the whole energy spectrum. In particular, every "experimentally observable Stability Zone"Ω α always belongs to a bigger mathematical Stability Zone Ω ′ α , defined for the whole spectrum ǫ(p) .
V. CONCLUSIONS.
We investigate the analytical behavior of conductivity of normal metals in strong magnetic fields in the case of presence of stable open electron trajectories on the Fermi surface. As it is shown in the paper, the behavior of conductivity can demonstrate rather nontrivial analytical properties in "experimentally observable Stability Zones" even under the condition ω B τ ≫ 1 . In particular, in different parts of the experimentally observable Stability Zone the behavior of conductivity can demonstrate different types of "regular" or more complicated intermediate "irregular" regimes depending on the value of the magnetic field. The results of the paper are based on topological description of the carriers of open trajectories (Tokyo, November 1993) / ed. T.Mizutani et al. Singapore: World Scientific, 479-498 (1994).
[38] We do not consider here the spin variables, which will not play an essential role in our picture.
[39] We would like to emphasize here that for generic Fermi level ǫF the measure of the stable open trajectories on the Fermi surface remains finite up to the boundary of the "mathematical Stability Zone" Ωα. However, it is often assumed in the literature that this measure vanishes at the boundary of a Stability Zone on the angle diagram, which seems to be in accordance with experimental data. As we will see below, the last circumstance is caused by the existence of an extended "experimentally observable" Stability ZoneΩα including an additional region Λα, adjacent to the boundary of Ωα, with very special behavior of trajectories of system (I.1). It will be also shown, that the presence of additional Zone Λα is responsible also for arising of rather nontrivial analytical regimes of conductivity behavior in the extended Zonê Ωα.
[40] Let us say here that the presence of additional segments adjacent to the Stability Zone on the angle diagram and corresponding to the presence of periodic open trajectories on the Fermi surface was discussed in the literature (see e.g. [15, [18] [19] [20] [21] [22] [23] ). It is often assumed, however, that this set is given by a finite number of segments, corresponding to some special (main) rational directions a.
As we could find, the first indication of the existence of an everywhere dense set of additional directions of B near the boundary of the zone of stable open trajectories, corresponding to the appearance of periodic trajectories of the system (I.1), was given in the work [13] . Let us say here, that the example in the work [13] is connected with the system (I.1) on a special Fermi surface of genus 2, which are not considered as complex according to our terminology. However, an analogous property is also true in the general case for the Stability Zones on arbitrarily complex Fermi surfaces. This fact is connected actually with a special structure of the system (I.1) (and the existence of topological quantum numbers) at B/B ∈ Ωα , which is a consequence of rather nontrivial topological theorems ( [8, 36] ) in the general case. We would like to emphasize here that the additional segments arise for every curve γ α a ⊂ Ωα connected with a rational mean direction of open trajectories of (I.1). As a result, these segments form a dense set near the boundary of Ωα, which plays an important role in the formation of additional "experimentally observable" Zone Λα around the exact mathematical Stability Zone Ωα.
